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), but once HACCP compliant, firms' access to international markets opens up (Handschuch et al. 2013 ). In the Philippines, compared to 1990 -1997 levels, the value of Philippines exports to EU declined by 9% in 1998 and by 23% in 2000 (Department of Trade and Industry (DTI), 2006 , but once the country and firms gained experience and were able to adjust, the country's exports jumped to high levels starting in 2007-2008, increasing by an average of 33% annually (Israel 2014) . While the number of EU certified were less in 2015-2016 than in 2005-2006 levels, the jump on seafood exports signal substantial expansion in production of relatively smaller number of seafood processing firms.
Despite these benefits, it is not clear why HACCP adoption remains low and why some firms decertify or discontinue their certification at some stage. Some studies have suggested that food producers and processors do not always embrace HACCP with the anticipated enthusiasm (Maldonado-Siman et al. 2014; Taylor and Taylor 2004; Panisello and Quantick 2001) . There is growing number of studies detailing the costs of HACCP compliance (Maldonado-Siman et al. 2014; Handschuch et al. 2013; Ragasa et al. 2011b) . Prior literature has identified a number of factors that affect initial adoption of HACCP, including length of time to develop and implement the program, technical expertise and support, availability of human resources, production technology and design, company size, and level of institutional support (Wallace et al. 2014; Dzwolak 2014; Green and Kane 2014; Fotopoulos and Kafetzopoulos 2011) . In addition, institutional theorists have identified social acceptability, credibility, and legitimacy as important drivers of firms' choices to adopt HACCP (Meyer and Rowan 1977; Scott 2001; Bansal and Clelland 2004) . From international trade perspective, HACCP adoption is proven to be complex and depends on a variety of factors including exporting country characteristics, value of trade, target market, type of regulations, extent of implementation, and commodity types (Handschuch et al. 2013; Ragasa et al. 2011a) .
Further, there are indications of the dynamics of participation (entry, exit, and re-entry) in these certification systems; for example, more than 60% of certified firms in the seafood industry in the Philippines have discontinued EU HACCP certification in 2006 and another episode of delistings in 2010 and a minor one in 2015 (Fig. 1) . The lack of understanding about such decertifications is a major knowledge gap in food safety policy. The Philippine case is also interesting not only because it is a major player in the international seafood trade but also because of the large number of firms that discontinued their EU HACCP certification over time, suggesting that there may have been significant ex ante mis-estimation of HACCP costs implying managerial hubris and possibly leading to adverse firm performance.
In this article, we analyze the factors that explain this dynamics of participation or certification in this HACCP system (i.e., initial decisions to adopt food safety systems and subsequent decisions to maintain the certification and the timing of these decisions). Figure 2 shows the dynamic process, in which a firm has to decide whether to have HACCP certification or not in a yearly basis starting from years before 1999, when the mandatory regulation on all seafood suppliers in USA and EU was implemented. Due to the multi-period investments required, the decision to adopt occurs prior to the period when the actual adoption is undertaken or observed. Two main categories of firms are apparent from the observed adoption of HACCP systems as shown in Fig. 2 : (i) firms that were certified at least once (represented by the darker solid arrows) and
(ii) firms that were never certified (represented by the lighter solid arrows). Within the first category are firms that are "certified" (represented by darker solid arrows) and "decertified" as of 2006 or in another years after that (represented by the lighter broken arrows). In addition, firms that were certified at least once have different years of initial adoption, and this imply varying rates of initial adoption.
The contribution of this paper is fourfolds. First, the dynamics of HACCP or other food certification is rarely studied, and we aim to address this knowledge gap. Second, we use an innovative approach, using survival models, and applied this to study the dynamics of food safety certifications. Survival analysis is used to assess longevity or duration where there are subjects who do not experience the event of interest at alternative points in time (Menard 2008; Singer and Willett 2003) . It has been widely used in epidemiology and medical research to explain occurrence of and survival from a disease (for example, Kurian et al. 2009; Song and Lawson 2009; Spitale et al. 2009; Madan et al. 2008) . Application to economic problems is less frequent but targeted to issues where length of time or time periods is the focus-that is, exit or survival of firms (Olmos 2010; Tiller et al. 2009; Dimara et al. 2008; Soderbom et al. 2006 ); rate of technology adoption (Abdulai and Huffman 2005) ; rate of contract termination (Olmos 2010) ; length of visitor stay (Barros and Machado 2010) ; timing of loan default (Roszbach 2004) ; infrastructure failure (Debon et al. 2010) ; and employee retention (Mattox II and Jinkerson 2005) .
In the case of food safety, a subset of firms initially adopt EU HACCP systems; some of which maintain their certification and some of which subsequently decertify (Fig. 2) , which makes survival analysis an appropriate tool to evaluate the time-path of food safety certification. Earlier studies do not explicitly address the effect of factors on the time-path of adoption or certification (Abdulai and Huffman 2005) . Although some prior studies have analyzed factors affecting food safety controls, including HACCP, using discrete choice models such as logit and probit (Herath et al. 2007; Henson and Holt 2000) , to the best of our knowledge, this study is the first to apply survival or hazard functions to food safety certification decisions.
Third, empirical analysis of food safety issue applied to developing countries, with limited resources and higher trade-offs between food safety and other investments, is limited. In particular, firm-level research in developing countries is limited to a few qualitative case studies, and we aim to add to the relatively few quantitative analyses on this issue. This paper aims to contribute to the knowledge gap on the factors affecting the dynamics of HACCP certification specifically and on the implications of food safety standards to developing countries' trade and welfare more generally.
Literature review and framework
The literature on food safety points to both incentives and capacity as the broad factors that explain food safety certification. The main theory and concept used is standard microeconomics, in which the guiding principle is profit maximization. Given a certain production function, firms make choices and weigh the costs versus the benefits derived from adoption, including the opportunity costs associated with non-or discontinued adoption and those derived from continued adoption. We also utilized other concepts to explain the factors affecting HACCP certification including social capital, networking, and partnerships within institutional economics and the concept of managerial hubris reflecting asymmetric or incomplete information or overconfidence or risk-taking behavior within the strategic management literature
Profit maximization
Following Rosen's (1974) model of a competitive industry with product differentiation, 1 let product demand be described by the function:
where P is the price of Y, S is the level of food safety, Q is the vector of product quality attributes other than food safety, and Z is the vector of other demand variables. Market supply is given by the function:
where W is the vector of factor prices, K is the vector of other supply variables, and other variables remain as defined above. Equating demand and supply and solving for S yield the function:
where P* now is the equilibrium price of Y. P* can be decomposed into P Y and P S , where P Y is the price level of product sold and P S is the price of S. However, measuring P S is not straightforward. One way of putting a value to P S is by measuring the cost of food safety systems and using this as an approximation of P S . When looking at the part of P* that is attributable of S, one can use the output price differential between buyers who are willing to accept safer products and those who accept products that are less safe. For instance, we assume buyer 1 demands safer products (S 1 ) and pays p 1 and buyer 2 who accepts less safe products (S 2 ) pays p 2 . The price differential of these two buyers is (p 1 − p 2 ), equated as the price of (S 1 -S 2 ). This is not the same as P S per se, but will be relevant in later discussion of factors affecting firm choice of the level of S. With HACCP systems (H) as an internationally known system for attaining food safety, H enters through K and as Z in S. H is not exogenous, and its adoption is determined by both supply-and demand-related factors. Both S and H are simultaneously estimated as given in Eqs. 4 and 5 below:
Individual firms will maximize profit (π) by choosing S and H given by the Eq. 6 below:
where C is the total costs and other variables are as defined above. Once S and H are chosen, firms will choose the combination of Y, which is the output level, and X, which is the vector of input levels. From an empirical perspective, the difficulty arises due to the unobservability of S. Antle (2000) included observed "product quality," using a measure of management intensity and proportion of processed product in total product, as proxy variables for the unobserved food safety in analyzing the cost of HACCP systems in the US meat industry. Ollinger et al. (2005) studied process control and sanitation compliance and used microbial count and/or defects of intermediate and final products in the US meat industry as measures of food safety (or its absence). However, even these types of data are often nonexistent in many countries. To overcome this lack of observability of S and difficulty of measuring Q, we assume that H is a proxy for S and Q. Thus, instead of solving for Eqs. 4 and 5, we estimate Eq. 7 below:
The reduced form of Eq. 7 is where HACCP certification decision by a firm in a given year is the price of output P Y ; factor prices, W, which affect the overall cost of production and complying with HACCP (therefore also P S ); indicators of alternative markets or opportunities that do not require HACCP certification equivalent to that for the EU market including price differences between EU and US markets, price differences between EU and other markets, number of markets, and number of product forms are demand shifters used (Z); and firm capacity indicators such as operation size, access to resources and social capital, experience, and condition of the processing plant are used as supply shifters (K). The actual variables used and their definitions and the hypotheses tested are shown in Table 1 .
Social capital
Social capital, 2 networking, and partnership have drawn much attention in the literature. Social capital among firms, especially among smaller ones, is important for resource mobilization and knowledge sharing (Russo and Perrini 2010; Cooke and Wills 1999) . Cooke and Wills (1999) show that in sizeable proportion of firms in Denmark, Ireland, and Wales (UK), social capital building was associated with enhanced business, knowledge, and innovation performance. There is also growing body of literature on social capital and its role in transparency and coordination in food systems (Trienekens et al. 2012; Sporleder and Moss 2002; Jarosz 2000; Ziggers and Trienekens 1999) . Most of the latter discuss about vertical coordination, while a few studies talk about social capital or networks used for quality signaling and about horizontal coordination and networking to pool resources and knowledge. Several studies show about greater access to credit and resources for those members of association, organization, or trade group. Especially for smaller firms, these technical knowhow and resources are more limiting, and networks and linkages with other organizations may prove to be very useful for these firms to adopt and continue certification of their production. We hypothesize that social capital, measured in terms of firm's membership in associations and trade groups, increases the likelihood of HACCP certification and the rate of this certification.
Strategic management
After initial certification, a firm's decision to continue with, or discontinue, the certification at any point in time will be influenced by the same set of incentive-and capacity-related factors, but now with additional information on realized costs and outcomes. Firms with the necessary capacity to implement the program successfully and subsequently realize the expected net benefits from HACCP certification will continue with their programs, but firms that lack capacity or fail to realize the projected net benefits may seek decertification. Failure to realize anticipated benefits may be the result of ex ante unrealistically optimistic projections (that is, managerial hubris) or subsequent changes in markets and external conditions. Literature in strategic management identifies managerial hubris as a major cause of adverse firm performance, especially in explaining the failure of major strategic moves, such as mergers and acquisitions, or decreases in firm profitability (Roll 1986; Jiang et al. 2011) . Other studies suggest that firms often misestimate costs of regulations including those for food safety (Joshi et al. 2001; Morgenstern et al. 2001; Ragasa et al. 2011b .
Prior to certification, the actual costs and benefits to a firm are not known. Uncertainty can be reduced through ex ante information collection and assessment but cannot be entirely eliminated. Once certification is undertaken and outcomes are realized, The higher the price level, the higher the incentive to adopt and continue HACCP The higher the price level, the higher the incentive for earlier initial adoption and decertification at a later period.
Output price differentials (P S )
pdeuus Difference in export price between EU and the USA as received by the processors. Price measured as value of exports divided by the volume (US$/kg)
The higher the price differential between EU and the US markets, the higher the incentive to adopt and continue HACCP.
The higher the price differential between EU and the USA, the higher the incentive for earlier initial adoption and decertification at a later period.
pdeuoth Difference in export price between EU and other markets as received by the processors.
Other markets include the local Philippine markets and other importing countries (aside from EU and the USA). Price measured as value of exports divided by the volume (US$/kg)
The higher the price differentials between EU and other markets, the higher the incentive to adopt and continue HACCP.
The higher the price differentials between EU and other markets, the higher the incentive for earlier initial adoption and for decertification at a later period.
Input price (W) P L Three-fourths of the minimum wage rate by region (US$/day). The adjusted minimum wage reflects the variability of costs of goods across regions. Location can reflect the differences in the cost of factors of production including labor and other inputs needed for HACCP. a The higher the wage, the higher will be the cost to hire more labor as usually needed for HACCP system adoption. Thus, higher wage rates faced by firms would translate to lower incentive to adopt and continue HACCP.
The higher the wage, the higher will be the cost to hire more labor as usually needed for HACCP system adoption. Thus, higher wage rates faced by firms would translate to lower incentive for earlier initial adoption and likely earlier decertification.
P M
Weighted average of the prices of fish/seafood raw materials (US$/kg) Effect is ambiguous. The higher the price of materials implies higher costs, thus lower the incentive to initially adopt and continue HACCP.
On the other hand, higher price implies higher product value, thus higher incentive to initially adopt and continue HACCP.
Effect is ambiguous. The higher the price of materials implies higher costs, thus lower the incentive for earlier initial adoption and likely earlier decertification. On the other hand, higher price implies higher product value, thus higher incentive for earlier initial adoption and decertification at a later period.
P K
Weighted average of the tax-adjusted interest and dividend (as a ratio of the long-term debt and equity) plus the weighted economic depreciation rate of fixed assets (US$/unit of capital) b The higher the price of interest and depreciation costs, the lower the incentive to adopt and continue HACCP. The higher the price of interest and depreciation costs, the lower the incentive for earlier initial adoption and likely earlier decertification.
Table 1 Explanatory variables used in the logit and survival analyses (Continued)
Market diversification nmarket Number of markets, in terms of country of product destination, the firm has The greater the market diversification, the less the incentive to adopt and continue HACCP. Greater diversification in markets, in terms of country of destinations, will provide the firms with flexibility to continue business even without the HACCP system required by some markets.
The greater the market diversification, the less the incentive for earlier initial adoption and likely earlier decertification.
Product diversification nform
Number of distinct product forms in the production line. For instance, frozen shrimp is distinct from frozen octopus or frozen deboned milkfish.
The more diversified the firms is in terms of products, the lower their incentive to adoption and continue HACCP because: (i) it is harder to control for cross contamination due to multiple product lines and (ii) greater diversification in products would allow the firms flexibility to continue business even without the HACCP system required by some markets. The more diversified the firms is in terms of products, the lower their incentive for earlier initial adoption and likely earlier decertification because: (i) it is harder to control for cross contamination due to multiple product lines and (ii) greater diversification in products would allow the firms flexibility to continue business even without the HACCP system required by some markets.
Capacity
Access to capital credit (=0, 1) Dummies for reported difficulty in accessing credit by firms (1 = difficult; 0 = not difficult)
Firms that experience difficulty in accessing credit (higher value for credit) are less likely to adopt and continue HACCP.
Firms that experience difficulty in accessing credit (higher value for credit) are less likely for earlier initial adoption and likely earlier decertification
Years in business yrbus
Number of years in business, which represents length of experience in terms of dealing with buyer and negotiating with input suppliers and it represents the period to develop trust and long-term relationship with buyers.
Effect is ambiguous. The longer the years in business, the higher the human and social capacity to adopt and continue HACCP. On the other hand, the longer years in business, the less need for HACCP.
Effect is ambiguous. The longer the years in business, the higher the human and social capacity for earlier initial adoption and decertification at a later period. On the other hand, the longer years in business, the less need for HACCP, and thus less likely for earlier initial adoption and likely earlier decertification.
Number of association memberships
member Number of producer, processor or exporter associations of which the respondents are a member
The more associations in which a firm is a member, the more support it gets, and thus the more capacity it has to adopt and continue HACCP. The more associations in which a firm is a member the more support it gets, and thus the more capacity it has for earlier initial adoption and decertification at a later period.
Involvement in association
active (0, 1) Dummy representing active membership of respondents in associations.
"Being active" means actively joining the activities of the associations and/or actively seeking advice, assistance, or support from these associations It is not enough to be a member of association.
In some cases, "being active" in these associations is what adds to the capacity of firms to adopt and continue HACCP. If a firm is active in the association, the more likely that it will adopt and continue HACCP. It is not enough to be a member of association. In some cases, "being active" in these associations is what adds to the capacity of firms to adopt HACCP systems. If a firm is active in the association, the more likely for earlier initial adoption and decertification at a later period. The older the plant, the less physical capacity to adopt and continue HACCP considering the amount of money required for renovation or building a new facility needed for HACCP adoption. The older the plant, the less physical capacity for earlier initial adoption and likely earlier decertification. This is considering the amount of money required for renovation or building a new facility needed for HACCP adoption.
Size of production (Y)
Y Volume of production (in tons), average for past 3 years
The higher the volume of production, the greater the capacity to adopt and continue HACCP as firms will be able to distribute the potentially large capital investment across their products.
The higher the volume of production, the greater the capacity for earlier initial adoption and decertification at a later period. This is because firms will be able to distribute the potentially large capital investment across their products. Rates of economic depreciation per asset class was adopted from Hulten and Wykoff (1981) firms have additional information and investments that will influence subsequent decisions about sustainability. The difference between anticipated and realized outcomes is known only over time and will vary across firms. We hypothesize that the time duration before a firm gets certified depends on the strength of incentive (that is, expected net benefits) and capacity factors (that is, firm capacity for implementation or early adoption). We hypothesize that conditional on initial certification, the period for which a firm remains certified (that is, does not get decertified) is positively associated with the strength of incentive and capacity factors. We expect the ex post decisions over decertification to be more strongly associated with incentive and capacity than the ex ante decisions about initial certification, because decertification decisions are likely based on known information in contrast to projections and managerial hubris.
Methods

Data and variables
This article focuses on Philippine seafood processing firms to meet EU HACCP certification requirements. We define HACCP-certified firms as those which are certified by BFAR for export to EU, regardless of their export status with respect to other countries. 3 Firm-level data were collected from 59 seafood processors located in the Luzon, Visayas, and Mindanao cluster areas in the Philippines. 4 Face-to-face interviews using a semistructured questionnaire were conducted in September to December 2005 with plant managers to collect data covering the period 1998 to 2005 of their operations. A visit of a random selection of these processors was made in 2011 and in 2014. The sample includes a variety of firm sizes (15 cottage or microscale, 14 very small, 6 small, 15 medium, and 9 large) and product categories (17 frozen tuna processors, 10 milkfish, 9 shrimp, 8 canned tuna, and 15 other products). 5 Respondents included 41 firms that initially received EU HACCP certification, 15 of which were subsequently decertified. 6 The remaining 18 firms in the sample never received EU HACCP certification. 7 The timing of initial adoption and the duration of certification varied across the sample firms (Table 2) . Table 1 shows incentive-and capacity-related explanatory variables and their hypothesized relationship with initial and continued adoption decisions consistent with variables described in Eq. 7 and on social capital. Incentives include expected or perceived net benefits, both financial and nonfinancial, from adopting HACCP standards. Financial variables include average price received for products sold (output price level or P Y ) and difference in export price between EU and other markets (output price differential or P S ). These are the output prices reportedly received by the processors interviewed. Estimated prices for labor (P L ), materials (P M ), and capital (P K ) are used as indicators of firm-level input cost structure that are exogenous in the model. Data on prices of inputs were sourced from the firm-level interviews and from the firms' financial and income statements from the Philippine Securities and Exchange Commission. Since higher revenues increase the likelihood of higher benefits from certification, we hypothesize that both the output price level and output price differential variables will be positively associated with initial certification but negatively associated with the decertification decision. As HACCP certification involves additional capital and operational investments and higher input prices adversely affect incremental DTI, DOLE, and NSO The higher the profit margin, the higher the incentive for firms to produce more.
Corporation corp
Dummy if the firm is a corporation
(1 = corporation, 0 = not a corporation)
Interviews
Corporation has more equity and more capacity to pool the needed resources to produce more products. Thus, corporation, as compared to non-corporation, is more likely to have higher production levels.
Product form shrimp, milkfish, tunacan, tunafroz; others These represent dummies for product form: tunafroz = frozen tuna; shrimp = shrimp; milkfish = milkfish; tunacan = canned tuna; others = other seafood products
The product form, which may reflect consumer demand, can dictate the level of production. Tuna and shrimp are often the more internationally demanded commodities. Canned tuna processing firms often require a certain minimum size of production to recoup large start-up investments to be made.
benefits from certification, we expect input prices (P L , P M , and P K ) to be negatively associated with initial certification decisions but positively associated with subsequent decertification decisions. Nonfinancial incentives include diversification, measured by both the number of markets in which the firm sells in terms of country of product destination (nmarket) and the number of distinct product forms that the firm processes in its production line (nform), and volume of output (Y) as a measure of size. Greater diversification, both in terms of geographical area and the number of products, gives the firm flexibility to continue business even without HACCP certification, thereby reducing its incentives to seek HACCP certification. Hence, we hypothesize that both market diversification (nmarket) and product diversification (nform) will be negatively associated with initial certification but positively associated with decertification decisions. Because of significant fixed costs associated with HACCP certification, we expect economies of scale in realizing benefits from certification and hypothesize a positive association between volume of production and initial certification and a negative association with subsequent decertification decisions. Rouviere (2016) explores the relationship between US and UK food firms' size and their level of prevention efforts and shows that when cross-contamination between units is unlikely, small firms undertake greater prevention efforts than large firms. But when cross-contamination between units is possible, the effort-size curve is an inverted U shape.
Capacity variables focus on the financial, human, and institutional resources to set up and manage HACCP systems. A dummy variable credit represents difficulty in accessing credit in addition to the more direct measure of price of capital (P K ). Number of years in business (yrbus) is a proxy for operational experience and human capital. We hypothesize that a firm with higher difficulty in accessing capital, higher price of capital, and fewer years in business (that is, low operational capacity) has a lower probability of achieving initial HACCP certification and a higher probability of being subsequently decertified. We include age of the plant (age) in our estimations, and as older plants are likely to need higher investments in upgrading to meet HACCP standards, we hypothesize a negative association with the initial certification decision.
Variables used as measures of institutional support include the number of association memberships (member) and whether the firm was actively involved in such associations (active). These variables can be viewed either as proxy measures for the degree of external institutional pressures faced by the firm or as additional firm capacity because active membership provides the firm with access to resources, know-how, and potentially experienced manpower. We hypothesize a positive relationship between these variables and the likelihood of a firm receiving initial HACCP certification and a negative association with its subsequent decertification.
Estimation methods: logit models and survival analysis
Logit modeling and survival analysis are used to identify significant incentive-and capacity-related factors explaining behavior of firms toward initial adoption, speed of this adoption, continued certification, and the length of time between certification and decertification. Logit models are commonly used for binary outcomes and will not be explained in detail here (see Wooldridge 2003 for details). Instead, we focus below on survival analysis, which is a newer and rarely used modeling technique.
Survival analysis (also called duration or hazard analysis) is used to explain the intertemporal nature of firm action (Hosmer and Stanley 1999; Clarke et al. 2003; Wooldridge 2003) . We use simple means comparisons between certified and decertified firms and logit model results, as benchmarks for comparison with survival model results. The first logit model analyzes the likelihood that a firm initially adopts EU HACCP at any point between 1998 and 2005. A second logit model analyzes the likelihood that a certified firm is decertified at any point during the period. These two models assume that the probability of an event occurring in period t is independent of time before the event occurs (constant-hazard-rate assumption), but one can hypothesize that the longer the time period over which a firm has operated without HACCP, the higher the likelihood that it will not adopt HACCP in the next period. Similarly, it is likely that the longer a firm remains certified, the greater the likelihood that this firm will not be decertified in the next period.
For initial adoption, the survival time is the number of years before a firm adopts HACCP after the year the EU markets imposed the system (that is, 1999) ( Table 2 [a]). For decertification decisions, survival time is the number of years between initial certification and the year that a firm is decertified (Table 2[b] ). The distribution of survival time can be characterized by three equivalent functions: the density function, the survivor function, and the hazard function. The density function is
where T is a nonnegative random variable that takes values t to measure the time spent in a particular state. The survivor function is defined as the probability that the event of interest has not occurred by duration t-that is, the random variable T exceeds (or at least equals) the specified time t. For the discrete case, it is given by
where j denotes a failure time. S(t) is a nonincreasing function with a value of one at the time origin and a value of zero as t goes to infinity. The opposite of the survivor function, the hazard function, is the relationship between the hazard rate and the time already spent in that state and is presented as
The hazard function represents the conditional probability of an event occurring at the next time point, given that the event has not occurred up to a previous point. Estimation in this article employs the hazard function.
Hazard functions can be estimated using either semiparametric or parametric methods. 8 Semiparametric models are more appealing as they allow greater flexibility; in semiparametric models, the baseline hazard λ 0 (t) is left unspecified. 9 Hazard is a function of a vector of explanatory variables X with coefficients ß that can be estimated. The baseline hazard λ 0 is given as
where ϕ is a positive function of X and ß and h 0 (t) characterizes how hazard changes as a function of time. The baseline hazard depends on t, but not on X, meaning that it captures individual heterogeneity unexplained by the explanatory variables. Alternatively, the baseline hazard can be interpreted as the probability of an event occurring if the explanatory variables are set equal to zero. We adopt the semiparametric procedure developed by Cox (1972) , where ϕ(X,β) is equated with exponentiated (X,β) given as
To estimate the hazard function, observed time periods of the event occurring are ordered by length from smallest to largest, t 1 < … < t n . The conditional probability that the event happens in the first observation at time t 1 , given that any of the n observations could have been failed at t 1 , is
or the contribution of the shortest observation to the partial likelihood. More generally, the contribution of the jth shortest observation to the partial likelihood is given by
For HACCP adoption, the numerator is the conditional probability of the jth firm that initially adopts (or decertifies) at time t j , whereas the denominator is the sum of the partial likelihood for all other firms that have not initially adopted (or that have not been decertified) just prior to time t j . The likelihood is formed as the product of these contributions and may be written as
The likelihood function depends only on the unknown coefficient vector ß and can be maximized using standard methods. The functional form of the hazard rate does not need to be specified. The Cox log-likelihood function is then as follows:
where φ(x i , β) = exp(x i , β). Explanatory variables, x i and x j , are defined in Table 1 . The hazard ratio (HR), which is exp(β), is the change in the rate of the event occurring for every unit change in the explanatory variable X i . 10 For a dichotomous explanatory variable, the difference in the rate of X i = 1 and X i = 0 is equal to HR. An HR greater than one (HR > 1) increases the rate of the occurrence of an outcome by 100 * (HR − 1) percent; an HR that is less than one (HR < 1) decreases the rate of an event occurring by 100 */HR − 1/ percent.
Endogeneity
An econometric concern is the potential endogeneity of the explanatory variables. For instance, the size of production (Y) can be a simultaneous decision factor along with the level or speed of HACCP adoption. Size of production can affect a firm's decisions about whether or not to adopt and when to adopt. At the same time, decisions about HACCP adoption may also affect the size of production through market access.
To handle the endogeneity problem in the models described above, a two-stage regression is estimated. The Y model is based on a simple production function, where quantity of production is expressed as a function of output prices, input prices, and other firm characteristics. Due to the high correlation of most of the input prices with output price per unit, which is computed based on a formula of profit margin allowance on top of the input prices, profit margins (pm) were used as an explanatory variable for output in this model instead of distinct output and input prices. In addition, other firm-specific factors are included in the model, such as a dummy for corporation (corp), as a proxy for capital availability; and dummies for product form (shrimp, milkfish, tunacan, tunafroz) as shown below Have not decertified 26
Source: authors' interviews Ragasa et al. Agricultural and Food Economics (2017) Table 3 shows the definition of these variables and hypothesized relationship with Y. Intuitively, there is no reason to believe that these instruments can directly affect the dependent variable (initial or continued adoption), beyond their indirect effect through output. Formal tests were conducted to ascertain the validity of the instruments. The minimum condition for these instruments to be valid is that they are sufficiently correlated with the endogenous variables (Verbeek 2004, 148 ). This can be tested by estimating the first stage regression of each endogenous variable on the instruments used and performing an F-statistic test (Verbeek 2004, 145) . Stock and Watson (2003) , also cited in Verbeek (2004, 148) , suggest that a minimum F-statistics of 10 is sufficient for validity. The F-statistic test results (=11.01) confirm that the instruments used are strongly correlated with the endogenous variables instrumented. Predicted Y (yhat) is an explanatory variable in the second-stage survival estimation to generate unbiased and robust estimates.
The Durbin-Wu-Hausman test was also performed for a possible endogeneity problem associated with association membership in the HACCP initial participation model. For example, the decision to join an industry organization could be influenced by the participation in HACCP. However, the test indicated no endogeneity issue.
Results and Discussions
Initial adoption decisions
Results are shown in Tables 4 and 5. Fit of the models is considered acceptable. Pseudo R squared are 0.36 and 0.29; and the percentage of values correctly predicted are 60%, and 55% are relatively fine for the logit models. For the survival models, 32 and 29% of absolute martingale residual deviation can be explained by the model, and these indicators are relatively fine indicating good model fit.
The baseline results in Table 4 , without consideration of the timing of decisions, indicate that output price and quantity are positively associated with the initial decision by seafood processors to adopt HACCP. A higher output price received provides more incentive to adopt, and estimates suggest that a US$1 increase in output price level is associated with a 32% increase in the likelihood of being certified at least once. A larger output (or firm size) allows the firm to capture some economies of scale and creates an incentive for certification. A means comparison indicates a significant difference between the average output of firms that initially adopt HACCP and those that do not.
Regression estimates suggest that a 1000-ton increase in annual output is associated with a 9% increase in the likelihood of being certified. None of the variables related to cost structure (that is, factor/input prices), diversification, or capacity displayed statistically significant associations with the initial certification decision even though means comparisons indicate differences between firms in all capacityrelated variables. When the timing of the initial adoption decision is considered, survival analysis results show that the number of product forms and membership and active involvement in industry associations are significant in addition to output price level and output size.
A $1 increase in the output price level is correlated with a 44% increase in the rate of initial adoption among firms, implying high sensitivity of the rate of initial adoption to changes in output price. A 1000-ton increase in annual output is associated with a 1% increase in the rate of initial adoption, suggesting that the larger the firm size, the larger the capacity of a firm to accommodate cost increases. We Due to a multicollinearity problem from the high correlation between output price level and price of materials, we were able to use only one of these variables at a time in the models. However, the two models showed similar results. The one presented here is the one using output price level d Due to a multicollinearity problem from the high correlation between "number of association memberships" and "being active in these associations," we were able to use only one of these variables at a time in the models. However, the two models showed similar results. The one presented here is the one using "being active in these associations" also used squared term of output size (in line with the findings of Rouviere (2016) showing an inverted U-shape effort-size relationship), but there is no evidence of such relationship in our dataset.
Adding an additional product form in the production line is correlated with a 26% decrease in the rate of initial adoption, perhaps because of costly processes to avoid cross-contamination. A firm active in trade or processor associations is twice as likely Due to a multicollinearity problem from the high correlation between output price level and price of materials, we were able to use only one of these variables at a time in the models. However, the two models showed similar results. The one presented here is the one using output price level d Due to a multicollinearity problem from the high correlation between "number of association memberships" and "being active in these associations," we were able to use only one of these variables at a time in the models. However, the two models showed similar results. The one presented here is the one using "being active in these associations"
to adopt compared with an inactive firm, suggesting that associations may be sources of institutional pressure yet still provide needed capacity, information, technical support, and resources.
Overall results indicate that initial certification decisions are more strongly influenced by easily obtainable a priori indicators-namely, output prices, firm output, and to some extent association membership and product diversification. Less easily observable factors such as input cost structure and financial and operational capacity appear to have no influence on the initial adoption decision.
Decertification decisions
Explanatory variable mean values are statistically similar for both certified and decertified firms (Table 5 ) with the exception of the average EU-US price differential. Firms that remained certified (until 2006) reported no difference in prices received in the US and EU markets, but decertified firms (in 2006) reported receiving significantly lower prices from EU buyers compared with US buyers (by $0.94/kg on average) with the constant-hazard-rate assumption.
Logit model results indicate that price differentials across markets (especially between the EU and the USA) and access to credit are significant factors in the sustainability of HACCP certification among Philippine seafood processors. A $1 per kilogram increase in EU prices, compared with US prices, is estimated to result in a 94% decrease in the likelihood of being decertified, 11 confirming high sensitivity of EU HACCP decertification to price differentials between the EU and US markets. Firms that received higher prices in the US market and sold a significant share of their output in the USA had no incentive to continue with EU HACCP certification. Logit model results also suggest that relatively lower EU prices versus prices in other markets (Japan, other non-US, and domestic) were negatively associated with continued certification. Factor prices were not significant in explaining decertification decisions when timing was not considered. Related to output price differences is the ratio of exports to EU to the USA and other markets. 12 The higher the price difference between EU and US, the higher the ratio of exports to EU to the USA is. Certified firms' average share of exports to the EU (35%) is statistically different from that of decertified firms (2%). In contrast, the average share of exports to the USA was higher (and again statistically significant) for decertified firms (80%), compared to certified firms (44%). All 15 decertified firms reported no spillover effects-their US exports were not affected by EU HACCP decertification, since separate documentation was required and they had little incentive to maintain EU HACCP certification. For the certified firms, adopting the EU HACCP certification enabled them to comply with US HACCP requirements. For instance, four firms with no or very low EU exports still obtained EU HACCP certification and were able to maintain existing US markets. As a result, the EU's efforts to implement enhanced food safety controls may have contributed to improve system-wide efficiency and reduced costs of meeting the requirements of other export markets.
With respect to capacity, only access to credit had a statistically significant effect on continued certification decisions in the logit model: firms that reported difficulty accessing credit had a higher likelihood (42%) of being decertified than firms reporting no difficulty. Capital requirements of food safety systems increase the demand for scarce funds, and public-sector credit support may be needed to jump-start and sustain food safety systems.
When the constant-hazard-rate assumption is relaxed (that is, survival analysis), the rate of decertification is significantly affected not only by EU-US price differentials but also by other incentive-and capacity-related factors such as output price level, input prices, number of markets, number of product forms, access to credit, and membership and active involvement in associations. Reported hazard ratio estimates suggest that a $1 increase in the difference between EU and US prices is associated with a 99% decrease in the rate of decertification. With an average EU-US price differential in 2004-2008 of −$0.25/kg, a dollar increase will make EU prices four times more attractive than US prices and will likely eliminate almost all EU HACCP decertifications by firms. Results suggest that firms choose their certification strategies depending on their target market. In our sample, firms that exported mainly to the EU were less likely to decertify from EU HACCP, whereas firms that exported mainly to the USA and other markets were more likely to decertify. Hence, HACCP capacity building appears to be tailored to requirements of the importing nations.
Similarly a $1 increase in the output price level is associated with a 70% reduction in the rate of decertification, suggesting very high sensitivity of the rate of decertification to changes in price level. An increase in the number of product forms by one is associated with a 2.5 times increase in the rate of decertification (i.e., firms handling multiple product forms were highly likely to decertify). In contrast, an additional market destination is associated with a 53% decrease in the rate of decertification, indicating that reputation achieved through EU HACCP certification was important in continued certification for firms selling in a number of markets.
Factor prices were also significant when time was considered; a $1 increase in the price of labor is associated with a 63% decrease in the rate of decertification. Although this result appears to be inconsistent with the initial hypothesis that higher wage rates will create incentives for decertification because of the additional labor involved with maintaining safe practices, discussions with respondents suggest that higher wage rates created incentives for the firms to seek higher prices through HACCP certification as a competitive strategy because higher local wage rates made them uncompetitive in domestic markets. Firms that reported difficulty in accessing credit had a rate of decertification three times higher than those that reported no difficulty. These results suggest that easy access to credit is a critical factor driving both initial and sustained certification.
A firm that is active in an association has a 70% lower rate of decertification than a firm that is not active. Institutional pressures imposed through association membership and the potential preferential access to resources because of active participation play important roles in influencing continued certification. Building institutional pressures and collective capacity through industry associations can help promote early adoption as well as continued certification. Such associations can provide a venue to mobilize resources and share expertise and relevant information about food safety systems and market opportunities. Shared information through industry associations can reduce erroneous decisions arising from managerial hubris.
Scale economies did not appear to play a significant role in the decertification decision, likely because firms without adequate scale economies were filtered out in the initial certification decision. Even though improving food safety is paramount across all firm types and firm sizes, some firms may need different forms of incentives and capacity building on a more sustained basis.
Conclusions
Lack of knowledge about the sustainability of food safety certification systems constitutes a major gap in our understanding of food policy and regulation. Relaxing the constant-hazard-rate assumption using survival analysis techniques reveals the significant influence of additional factors on the conditional decisions. Differences between survival and logit model estimates for both initial certification and subsequent decertification decisions suggest that assuming constant hazard rates may lead to potentially misleading results and misestimation of the influence of other relevant drivers.
The initial decision to certify appears to be influenced significantly by scale economies and easily observable information such as output prices, access to credit, and institutional pressures from association membership. Other incentive-and capacityrelated factors do not appear to have a significant influence.
After certification, a firm's decision to continue or discontinue certification at a point in time will be influenced by the same set of incentive-and capacity-related factors, but with the availability of additional information concerning realized costs and benefits. As a result decertification decisions appear to be significantly affected by a larger number of revenue, cost, and nonfinancial factors (that is, output price differentials, product and market diversification, input prices, and institutional factors). Although logit model results suggest that price differences between the EU, USA, and other markets and credit availability are the main drivers of the decertification decision, estimates using survival analysis techniques reveal the significant influence of additional factors, including the extent of market and product diversification, institutional pressures, and labor costs (wages).
Social capital is proven to be a significant factor in explaining both initial adoption and continued certification, which is consistent in the literature. Firm or production size is significant in explaining initial certification but not continued certification, and our findings contrast that of Rouviere (2016) showing inverted U-shape effort-size relationship.
Managerial hubris, likely in the absence of adequate information, may have played a significant role in initial certification decisions, but decertification decisions were based on more informed cost and benefit information. The results support our hypothesis that compared with initial certification, decertification decisions were better informed, calculated business decisions. For food processing firms, the results suggest the need for more careful estimation of benefits and costs and avoidance of managerial debris in order minimize any adverse firm performance and sunk costs associated with certification. For policymakers and the development community, the results suggest that an increased emphasis on policy measures aimed at discouraging decertification and actions to provide greater sustained incentives for food safety systems, versus a focus limited to capacity building to achieve initial certification, may be necessary to sustain food safety initiatives such as HACCP.
We present in the paper a rigorous quantitative model that explains the dynamics of food safety certification, using the HACCP case in the Philippines. However, our paper is not without limitations. First, the sample for this study is drawn from a single country, and the firms as the relevant population. Cluster sampling was used to select 136 firms based on the geographical concentration of seafood processing in three regions (Luzon, Visayas, and Mindanao) . Operations or production managers (or assistant manager or HACCP team leader in cases where the manager was not available) of these 136 firms were contacted by phone, seeking participation in the study. Interviews were conducted with a total of 59 firms, which were willing to be interviewed and which accounted for 32% of the population of seafood-processing firms and 67% of the volume and value of exports in 2004. Discussions with key government and industry informants confirm that the firms included are representative of other firms in the three cluster areas.
5 Firm size is based on the Philippine Department of Trade and Industry (DTI)'s classification: cottage or micro firms-less than 10 full-time equivalent employees; small firms-10 to 99 employees; medium firms-100 to 299 employees; and large firms->300 employees. Due to observed heterogeneity among firms categorized as small, we further segregate small firms into very small firms with 10 to 32 employees and small firms with 33 to 99 employees. A means comparison suggests that sample firms are not statistically different from industry aggregates. The expert opinion of officials from BFAD, which inspects and issues licenses to operate, confirms that the sample is representative of the population. 6 A total of 38, 96, and 36 firms were EU HACCP certified in 2000, 2004, and 2005, respectively. The number stayed the same in 2014 when the firms were revisited. The exact number of US-certified firms is less well known, but at least 30 firms were listed as certified in 2005. 7 The group of firms without EU HACCP certification includes some that may have received other types of food safety certification. 8 There are several parametric models to be used based on the distribution of the hazard/risk: exponential, Weibull, Gompertz, log-logistic, log-normal, and generalized gamma models. The common approach in selecting among such approaches is to use the Akaike information criterion (AIC). Akaike (1974) proposed penalizing each log likelihood to reflect the number of parameters being estimated in a particular model and then comparing them. AIC is defined as AIC = − 2(log likelihood) + 2(c + p + 1), where c is the number of explanatory variables and p is the number of model-specific ancillary parameters, that is, two ancillary parameters for generalized gamma and one for the other models. The preferred model has the smallest AIC value. 9 This is often preferred especially in applications to social sciences, in which there is not enough theory to make a strong case to assume a constant, increasing, or decreasing baseline hazard. 10 The hazard ratio has a similar interpretation as the odds, or likelihood, ratio in logit models, and the only difference is that the ratio is the rate for survival analysis. 11 This is computed by dividing the coefficient by 100 and then recomputing the odds ratio (marginal effect) (see Hosmer and Stanley 1999) . 12 We opted to use prices instead of export quantity or ratios for two reasons. First, due to high correlation with price differentials and ratio of exports between EU and USA, we used these variables alternatively in the models. Second, Philippines is a price taker, and prices faced by seafood exporters are exogenous to the model, while export quantity or ratios are endogenous to the HACCP certification models, where there is likely to be a reverse causality.
